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 ࡟ࡵࡌࡣ .1
ගࢺ࣮ࣅἲࡿࡼ࡟㧗࿘Ἴ (RF) Ⓨ⏕ [1] ࡚࠸࠾࡟㸪ග᳨ฟჾ (PD) ࡢ࡬ᖹ

ᆒග࠸ࡋ➼ࡀ࣮࣡ࣃ᮲௳࡛ගࢫࣝࣃᖜ࡜ࡿ࡞ࡃ⊂ࡀ㸪RFฟຊࡀቑ኱ࡿࡍ㸬
ⴭ⪅ࡣࡽ㸪ගᙉᗘኚㄪჾฟຊගࢆࢫࣝࣃග࡟ࣂ࢖࢓ࣇఏᦙࢫࣝࣃ࡚ࡏࡉ
ᅽ⦰ࡓࡏࡉ᫬ࡢ RFฟຊࡢቑ኱[3 ,2] ࡋࣥࣙࢩ࣮࣑ࣞࣗࢩ࡚࠸ࡘ࡟㸪ᐇ㦂
ࡾࡼ࡟ RFฟຊࡀቑ኱ࢆ࡜ࡇࡿࡍ☜ㄆ[4] ࡓࡋ㸬ᮏ✏࡛ࡣ㸪RFฟຊࡢ఩┦
㞧㡢ࢨ࣮ࣞࢆග※ࡢ⥺ᖜࢆኚ࡚࠼ ᐃ࡛ࡢࡓࡋሗ࿌ࡿࡍ㸬 

2. ᐇ㦂 
ᅗ ࣥ࢔ࣝࣜࣈ㸪ㄏᑟࢆฟຊࡢ (CWL) ࢨ㸬㐃⥆ග࣮ࣞࡍ♧ࢆᐇ㦂⣔࡟1

ᩓ஘ࡢᙳ㡪ࢆᢚᅽࡵࡓࡿࡍ㸪300 MHzࡢ఩┦ኚㄪࡓࡗ⾜ࢆᚋ㸪ࣗࢩࢵࣉ
㸬ࡿࡍᙉᗘኚㄪ࡚ࡗࡼ࡟ ኚㄪჾ (MZM)࣮ࢲ࢙ࣥࢶ-ࣁࢵ࣐ࡢ㥑ືࣝࣉ
MZM 㸪DCࡣ ༙ࡀ㸪᣺ᖜࡋ࡜ែ≦ࢫ࢔࢖ࣂࣝࢾ࡚ࡋ༳ຍࢆ㟁ᅽࢫ࢔࢖ࣂ
Ἴ㛗㟁ᅽ࠸ࡋ➼࡟࿘Ἴᩘ fRF/2ࡢṇᘻἼ࡛㥑ືࡿࡍ㸬fRFࡣ 20 GHzࡓࡋ࡜㸬
᫬㸪MZMࡢࡇ ฟຊࡾ⧞ࡣ㏉ࡋ࿘Ἴᩘ fRFࡢᦙ㏦Ἴᢚᅽගࡿ࡞࡜ࢫࣝࣃ㸬
MZM ฟຊ࣒࢘ࣅ࢚ࣝࢆῧຍගࣂ࢖࢓ࣇቑᖜჾ (EDFA) ࡛ᖹᆒගࢆ࣮࣡ࣃ
20.0 dBmࡋ࡜㸪༢୍࣮ࣔࢻගࣂ࢖࢓ࣇ (SSMF) ࢆఏᦙࡓࡋᚋ㸪PDࡢ࡬ධ
ᑕᖹᆒගࡀ࣮࣡ࣃ 1.0 dBm࡟࠺ࡼࡿ࡞࡟ගྍኚῶ⾶ჾ (VOA) ࡛ㄪᩚࡓࡋ㸬
ᚋ㸪ᖏᇦࡢࡑ 20 GHzࡢ PD࡛ཷගࡓࡋ RFฟຊ㟁ຊࢆ RFࢼ࢔ࣝࢺࢡ࣌ࢫ
ࡢ㸪SSMFఏᦙᚋࡓࡲ㸬ࡓࡋ఩┦㞧㡢 ᐃჾ࡛ ᐃࢆ㸪఩┦㞧㡢ࢨ࢖ࣛ
ගࢆࢫࣝࣃගࣉ࣮ࢥࢫࣟࢩ࢜ࢢࣥࣜࣉࣥࢧ (OSO) ࡛ ほ ࡋ㸪ගࢫࣝࣃᖜ
㸪CWLࡣ㸬 ᐃࡓࡋᐃ ࢆ ࢆᖜ⥺ࡢ 1 MHzࡧࡼ࠾ 160 MHz㸦ࡶࢀࡎ࠸
 㸬ࡓࡗ⾜࡚ࡋ࡜㸧್ࢢࣟࢱ࢝

3. ⤖ᯝ 
ගࣂ࢖࢓ࣇ㛗࡟ᑐࡿࡍගࢫࣝࣃᖜࡧࡼ࠾ RF฼ᚓࡢ ᐃ⤖ᯝ࡜㸦⥺ᖜ

ᅗࢆ㸧ᩘ್ィ⟬⤖ᯝࡢሙྜ࠸࡞ࡋ៖⪄ࢆ ࡛ࡇࡇ㸬ࡍ♧࡟2 RF฼ᚓࡣ㸪ࣇ
ࡢఏᦙ๓ࣂ࢖࢓ RFฟຊ࡟ᑐࣂ࢖࢓ࣇࡿࡍఏᦙᚋࡢ RFฟຊࡿ࠸࡚ࡋ࡜㸬
ගࢫࣝࣃᖜ࡜ RF฼ᚓ࡟ࡶ࡜⥺ᖜࡢ㐪ࡿࡼ࡟࠸ᕪࡓࡗ࠿࡞ࢀࡽࡳࡣ㸬RF
฼ᚓࣂ࢖࢓ࣇࡣ㛗 10 km࡛᭱኱್ 6.5 dBࡀᚓࡓࢀࡽ㸬RFฟຊࡧࡼ࠾ᙉᗘ
ኚㄪࡓ࠸⏝࡟Ⓨ᣺ჾ (LO) ࡢ఩┦㞧㡢 ᐃ⤖ᯝࢆᅗ 㸬CWLࡍ♧࡟3 ⥺ࡢ
ᖜࡀ 1 MHzࡢ᫬㸪ࣂ࢖࢓ࣇ㛗 10 km௨ୖ࡛ࢺࢵࢭࣇ࢜࿘Ἴᩘᩘࡀ kHz࠿
ࡽ 100 kHzࡢ㡿ᇦ࡛఩┦㞧㡢ࡢቑຍࠊࡀࡓࢀࡽࡳࡀ⥺ᖜࡀ 160 MHzࡢ᫬
ࡣ 12.5 km࡛ࡲ఩┦㞧㡢ࡢቑຍࡓࡗ࠿࡞ࢀࡽࡳࡣ㸬⥺ᖜࡀ 160 MHzࡢ᫬
㸪ࡣ (㧗ㄪἼࡿࡍ࡜ᇶᮏ࿘ἼᩘࢆkHz௜㏆ 20) ࢫ࢔ࣜࣉࢫࡢᩘ「ࡿࢀࡽࡳ࡟
 㸬ࡿ࠸࡚࠼⪄࡜ࡢࡶࡿࡼ࡟ᖜᣑ኱⥺ࡢࢨ࣮ࣞ

 ࡵ࡜ࡲ .4
ගࢺ࣮ࣅἲࡿࡼ࡟ RFⓎ⏕ࡿࡅ࠾࡟ගࢫࣝࣃᅽ⦰ࡓ࠸⏝ࢆฟຊቑ኱࡟

ᐇࢆᙳ㡪ࡿ࠼୚ࡀᖜ⥺ࡢ※ගࢨ㸪࣮ࣞࡋᐃ ࢆ఩┦㞧㡢ࡢ㸪ฟຊ࡚࠸࠾
㦂࡛ほ ࡓࡋ㸬௒ᚋ㸪఩┦㞧㡢ቑຍࡢཎᅉ᳨࡚࠸ࡘ࡟ウࡃ࠸࡚ࡋ㸬 

ㅰ㎡ 
ᮏ◊✲ᡂᯝࡣ㸪NICT ጤク◊✲ࠕ᪂ୡ௦ࡢࢡ࣮࣡ࢺࢵࢿᐇ⌧ࡓࡅྥ࡟Ḣ

ᕞࡢ࡜㐃ᦠࡿࡼ࡟ඹྠ◊✲㛤Ⓨࡧࡼ࠾ᐇドࠖࡾࡼ࡟ᚓࡓࡋࡲࢀࡽ㸬㛵ಀ
ྛ఩࡟ឤㅰ⮴ࡍࡲࡋ㸬 
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CWL: CW laser, PM: Phase modulator, MZM: Mach-Zehndermodulator, LO: Local oscillator,  
EDFA: Erbium doped fiber amplifier, SSMF: Standard single-mode fiber, VOA: Variable 
optical attenuator,  OSA: Optical spectrum analyzer, OSO: Optical sampling oscilloscope, 
OPM: Optical power meter, PD: Photo detector, SW: RF switch, DIV: Frequency divider, PNA: 
Phase noise analyzer, RFSA: RF Spectrum analyzer.
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ᅗ 㛗ᑐࣂ࢖࢓ࣇ 2 RF฼ᚓ/ගࢫࣝࣃᖜ 

  

(a) ࣞ  ᖜ: 1 MHz⥺ࢨ࣮

  
(b) ࣞ  ᖜ: 160 MHz⥺ࢨ࣮
ᅗ 3 ఩┦㞧㡢 ᐃ⤖ᯝ 
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